The recent interest in the biological effects of mustard gas (hereafter referred to as H) led among other things to the determination of its solubility in water, molar sodium chloride, and in solutions of certain detergents. Solubility curves were found useful in examining the homogeneity of a preparation as well as in establishing the solubility value. Included in this paper are results showing the effect of solutions of certain detergents on the interracial tension of M-aqueous solutions and the consequential effect on the rate of solution of H in these detergent solutions.
FIo. L Solubility diagrams: Effect of total H per milliliter on its solubility at room temperature in (A) water, (]3) molar sodium chloride, and (C) 5 per cent phemo ero|.
and Schur (4) or 0.8 rag. per ml. reported by Stampe et al. (5) but in two of these instances the temperature was 10°C. (3) and 15°C. (5) .
Solubility in Molar Sodium
Chloride Solution.--In this solvent the hydrolysis is depressed (K = 0.01 at 25°C.) by the chloride ion so that in the few minutes necessary for equilibration of the solubility systems there was no significant hydrolysis of the dissolved H. In B of Fig. 1 are the results of solubility determinations with two different preparations of mustard, one prepared from thiodiglycol and indicated in Table I as H, the other a redistilled Levinstein preparation denoted by RLH. It may be seen that for H, which in B of Fig. 1 is designated by crosses, the values are close to the straight line of hypothetically pure material, whereas with the RLH indicated by open circles, the solubility is less in the region where the saturating phase (i.e. excess RLH) is small. In the presence of a large excess of RLH, the solubility was the same as obtained with H; a value of 3.2 X 10 -~ molar or 0.5 mg. per ml.
The above results show that in contrast with H, which proved to be homogeneous, the RLH preparation was inhomogeneous.
Solubility in Solutions of Certain Detergents
In C of Fig. 1 is the solubility curve of H in 5 per cent Phemerol (Parke, Davis and Co. preparation of p-tertiary octylphenoxy ethoxy ethyldimethylbenzyl ammonium chloride). The solubility at 25°C. was 9.2 rag. per ml. or 5.8 X 10 -~ molar or ten times the solubility in water. This value did not change during 30 minutes of vigorous mechanical shaking. This result shows that small amounts of second substances are able to increase the solubility of H in water which may have practical value; such as in laundering or decontaminating processes.
The solubility of H at 22-25°C. in solutions of other detergents and a few other substances is shown in Table lI . Those values marked with an asterisk are equilibrium values; i.e., they did not change with time of equilibration.
The other values in Table II changed somewhat with time and were obtained at the time noted. The velocity constants for the rate of hydrolysis of H at 22-25°C. (calculated as a monomolecular reaction) are given for some of these solvents. The values are only approximate and are for the particular concentration of detergent indicated. In all cases investigated, the rate of hydrolysis of RLH was less in the detergent solutions than in pure water. The hydrolysis determinations were made by adding 1 ml. of a 2 per cent RLH solution in absolute alcohol to 100 ml. of the solution to be investigated and titrating the HC1 liberated.
In most of the cases investigated, the solubility of mustard increased directly in proportion to the concentration of detergent in the range of concentrations noted. This may be seen in Fig. 2 . The solubility may therefore be expressed by the equation 
In.facial Tension a~ Ra~ o/Solution
It was noticed that solutions of certain detergents dissolved a given amount of H more rapidly than others if the agitation was relatively mild. This was true even though the solubility of the H was approximately the same in the two solutions. On the other hand, if there was no agitation, the rate of solution was approximately the same. In addition to this, it was noted that in the solutions in which the H dissolved most rapidly the drops of H broke up easily into minute droplets. These facts led to a study of the inteffacial tension between the gas and the various detergent solutions. The estimation was made by counting the number of drops formed from a given volume of H when permitted toflow slowly from a capillary dipping into the detergent solution. For this purpose a 0.1 ml. graduated pipette served adequately. These numbers were all divided by the number obtained in pure water and are shown in Table IH and Fig. 3 . 3 shows the effect of varying concentrations of certain detergents on the number of drops formed relative to the number formed in water. Duponol PC is the only anionic detergent in Fig. 3 , the others bring cationic.
The results shown in Table HI demonstrate that some substances lower the interfacial tension much more than others. This explains the difference in rate at which H dissolves in different solutions even when the final solubility is the same. The mechanism seems to be simply that in a solution of lower interfacial tension the oil breaks up more readily into fine droplets, thereby increasing the rate of solution.
The cases of sulfonated castor oil and phemerol treated with chlorine water or sodium hypochlorite solution are particularly interesting for they show not only that solutions of greater surface activity may be prepared but that they are active in the presence of the decontaminating reagent, hypochlorite. It is not known what the structure is that is responsible for this lowering of the interfacial tension but it is evident from Table III that it can be formed in acid chlorine solutions as well as in alkaline6 hypochlorite and with possibly better results.
Experimental Methods
Procedure for Solubility Estimation.--0.1 to 1.0 ml. mustard was shaken vigorously by hand for 1 to 2 minutes with 5 to 10 ml. of the aqueous solution under investigation in a glass-stoppered 30 ml. bottle. An aliquot of the emulsion was centrifuged 0.5 to 2.0 minutes at 2,000 n.P.M, after which 1 ml. of the clear supematant was mixed with 0.5 mL of 5 N sodium chloride and 1 drop of indicator after which the free hydroddoric acid was neutralized. Approximatel~ 25 volumes of water were then added and the container placed in a water bath at about 80°C. and left until no further hydroddoric acid was liberated. This hydrochloric acid was titrated with t¢/50 sodium hydroxide and used as the measure of the amount of unhydrolyzed mustard originally present in the solution. 1 ml. of ~/50 hydrochloric acid titrated is equivalent to 10 -~ mols of H or 1.6 rag.
Discussion of Methods
Mixing the aliquot of the centrifuged supernatant with 5 N sodium chloride reduced the rate of hydrolysis of H so that for all practical purposes there was no hydrolysis during the first titration. In most of the solvents the rate of hydrolysis is so small that the hydrolysis taking place during centrifugation was negligible. In the case of pure water, however, the hydrolysis was appreciable, being 10 to 25 per cent. This amount was calculated by means of the unimolecular constant determined under similar conditions.
In general methyl red was the indicator but some of the detergents interfered with" the end-point of this indicator, in which case phenolphthalein or bronx cresol green was used.
ALl solubility experiments were carried out at room temperature the extremes of which were 20 to 25°C.
Experiments to determine the time necessary to saturate the solvent with mustard by vigorous shaking showed that the concentration of dissolved H
